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Description 

The present invention relates to an initiating 
element for use in detonators of non-primary explo- 
sive type, which element comprises a confinement 
containing secondary explosive and which element 
has a first end adapted for ignition of the secon- 
dary explosive by igniting means, a second end 
adapted for delivering a detonation impuls and an 
intermediate portion in which the secondary explo- 
sive upon ignition is able to undergo a deflagration 
to detonation transition. 

Detonators may be used as explosive devices 
per se but are generally used to initiate other 
explosives. In general terms they have an input 
end for a triggering signal, customary an electric 
voltage or the heat and shock from a fuse, and an 
output end commonly containing a base charge of 
secondary explosive. Between the input and output 
ends, means are provided for securing a trans- 
formation of the input signal into a detonation of the 
base charge. In civilian detonators this is generally 
accomplished by the presence of a small amount 
of primary explosive adjacent the base charge, 
which primary explosive rapidly and reliably deto- 
nates when subjected to heat or shock. On the 
other hand, the high sensitivity of primary ex- 
plosives calls for severe safety precautions in deto- 
nator manufacture and use. Primary explosives 
cannot be transported in bulk but has to be locally 
produced at each detonator plant. In addition to the 
high relative manufacturing costs in small units, 
most primary explosives entail handling of poison- 
ous or hazardous substances. Within the plant the 
explosive has to be treated and transported in 
small batches and final dosage and pressing has to 
be performed by remotely operated devices behind 
blast shields. In the detonator product the presence 
of primary explosive is a potential cause of uninten- 
tional detonation during transport and use. Any 
damage, impact, heat or friction at the primary 
explosive site may trigger the detonator. The pri- 
mary explosive may also pick up the shock from a 
neighboring detonation and cause mass detonation 
in closely arranged detonators. For these reasons 
strict governmental regulations are placed on deto- 
nator transports. On-site handling are subjected to 
similar restrictions. 

Efforts have been made to replace the primary 
explosives with the much less dangerous secon- 
dary explosives used for example in the base 
charges. A non-primary detonator should simplify 
manufacture, permit free transportation including 
transportation on aircrafts and reduce use restric- 
tions, e.g. allowing concurrent drilling and charging 
operations. 

Igniting devices of the exploding wire or ex- 
ploding foil type, for example according to the 



French patent specification 2 242 899, are able to 
produce a shock of sufficient strength to directly 
induce detonation in secondary explosives when 
exposed to high momentary electic currents. They 

5 are normally not suitable in civilian applications 
since expensive and elaborate blasting machines 
are required and since they are incompatible with 
ordinary pyrotechnical delay devices. 

Another type of non-primary explosive detona- 

70 tors, as represented by US patent specifications 3 
978 791, 4 144 814 and 4 239 004, suggests use 
of initiated and deflagrating secondary explosive for 
acceleration of an impactor disc to impinge on an 
acceptor secondary explosive with sufficient ve- 
rs locity to detonate the acceptor explosive. To with- 
stand the forces involved the designs are large and 
mechanically complicated and not entirely reliable. 

Still another type of non-primary explosive det- 
onators, as represented by the US patent specifica- 

20 tion 3 212 439, utilizes the ability of ignited and 
deflagrating secondary explosives to spontaneously 
transit form deflagration to detonation under suit- 
able conditions. These conditions normally include 
heavy confinement of rather large amounts of the 

25 explosive, which adds to cost and size when com- 
pared to conventional primary explosive detonators. 

Broadly, successful commercialization of these 
known types of non-primary explosive detonators 
have been restricted by by at least two circum- 

30 stances. The first is the requirement for complex 
design or heavy confinement, which adds to both 
material and manufacturing cost when regular pro- 
duction equipments cannot be used. Out of stan- 
dard size represents an additional cost also for the 

35 user. Secondly, while it is possible to obtain some 
function with various non-primary detonator de- 
signs, it is very difficult to reach the very high 
initiation reliability of primary explosive detonators. 
Such a high reliability is required by the customers 

40 in order to avoid the dangerous task of dealing with 
an undetonated borehole charge. 

Improvements in the above aspects meet par- 
tially contradictory requirements. Reduced confine- 
ment may reduce also reliability in function or at 

45 least limits operational tolerances which adds to 
manufacturing rejection and control costs. A simple 
and small design of the detonator part where de- 
flagration to detonation take place may require 
more elaborate igniting means to establish rapid 

so and reproducible deflagration. 

The US patent specification 4 727 808 die loses 
a new kind of non-primary explosive detonator 
based on a deflagration to detonation transision of 
a secondary explosive. The design described can 

55 be ignited by most kinds of conventional igniting 
means, can be manufactured by use of conven- 
tional detonator cap equipments, can be housed in 
normal detonator shells and can be reliably deto- 
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nated with only slight confinement of the secondary 
explosive charge. Initiation reliability can be further 
improved, however, especially at extreme condi- 
tions. 

A main object of the present invention is to 
provide an initiating element for a non-primary ex- 
plosive detonator which obviates the disadvantages 
of hitherto used devices. More particularly, an ob- 
ject of the present invention is to provide such an 
element with high reliability in the deflagration to 
detonation transition. Another object is to reach a 
high reliability at extreme conditions. A further ob- 
ject is to secure a rapid and reliable deflagration in 
the secondary explosive of the element when using 
simple, mainly heat-generating, conventional ignit- 
ing means. Still another object is to establish de- 
flagration and detonation in a relatively small 
amount of secondary explosive. Yet another object 
is to provide an initiating element of small size and 
uncomplicated design. Another object is to enable 
manufacture of the element, and a detonator con- 
taining the element, at low cost employing ordinary 
equipments for primary explosive detonators. 

These objects are reached by the characteris- 
tics set forth in the appended claims. 

By utilizing in the element a porous secondary 
explosive modified with a combustion catalyst, re- 
action speed can be increased selectively at crucial 
parts of the reaction process. Generally combustion 
catalysts are believed to have their most pro- 
nounced influence on reaction speed at low pres- 
sures where gas phase transport of reactants are 
rate determining for overall reaction speed. For the 
present purposes this property is exploited to limit 
the critical first period of reaction acceleration up to 
deflagration or near detonation velocities. If this 
period is too extended, the pressure forces in- 
volved may disrupt the detonator structures ahead 
of the reaction event and halt further progress. The 
shortened period obtained by the present sugges- 
tions can be exploited to reduce confinement size, 
limit physical length or width of secondary explo- 
sive column, allow larger openings in the confine- 
ment, e.g. to facilitate ignition, or improve reliability 
and redundancy in general. The combustion cata- 
lyst additive also acts to flatten reaction tempera- 
ture dependence, resulting in a markedly broad- 
ened range of operable temperature conditions for 
the detonator. The additive acts to lower the mini- 
mum pressure level at which stable linear burning 
can be sustained in the secondary explosive, which 
otherwise may not reach atmospheric pressure. 
This reduces the requirements for pressure genera- 
tion in igniting means and delay devices and purely 
heat-generating components may be employed. 
Full function can be expected also in situations 
where detonator damage and gas leakage has 
been caused by the igniting means themselves. In 



addition, catalysts are observed to improve storage 
stability and conductivity properties in the secon- 
dary explosive charge. 

By utilizing in the element a secondary explo- 

5 sive modified to the form of particles of granulated 
explosive crystals, significant improvements in 
charge ignition properties can be reached. The 
granulated particles expose to the igniting means a 
multifaceted microstructure with substantial specific 

10 surface, promoting rapid ignition without need for 
sustained heat generation by the igniting means. 
The granulated material porosity facilitates lateral 
expansion of the initial ignition point into a stable 
flat convective front. These properties serve to 

is eliminate prolonged and variable igniting stages, 
which otherwise may affect both detonator time 
precision and detonator integrity, as described 
above. In manufacture the free-flowing characteris- 
tics of the granulated material facilitates dosage 

20 and pressing and its compressibility supports for- 
mation of the preferred density gradients, progres- 
sively increasing from the initiation end and on- 
wards. In accordance with a preferred embody- 
ment, a first part of the secondary explosive is 

25 optimized for ignition purposes and is composed of 
granulated material while a second part is op- 
timized for high reaction rates and is composed of 
fine crystalline material, the latter structure support- 
ing higher densities, steeper gradients and better 

30 charge integrity. The aggregated adaptions pro- 
posed give marked improvments in reliability per- 
formance and can be utilized as such or combined 
with a combustion catalyst as described. 

Further objects and advantages will be evident 

35 from the detailed description of the invention 
hereinbelow. 

The principles discussed herein can be utilized 
whenever it is desirable to affect the reaction pat- 
tern for secondary explosives in the manners dis- 

40 closed, e.g. in the various detonator designs ini- 
tially described. It is preferred, however, to employ 
the principles in connection with the specific type 
of non-primary explosive detonators relying on a 
deflagration to detonation transition (DDT) mecha- 

45 nism, which rests on the ability of a deflagrating 
secondary explosive to spontaneously undergo a 
transition into detonation under suitable conditions. 
The invention will be described primarily in con- 
nection with elements using this type of mecha- 

50 nism. 

The distinction between primary and secondary 
explosives is well known and widely used in the art. 
For practical purposes a primary explosive can be 
defined as an explosive substance able to develop 
55 full detonation when stimulated with a flame or 
conductive heating within a volume of a few cubic 
millimeters of the substance, even without any con- 
finement thereof. A secondary explosive cannot be 
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detonated under similar conditions. Generally a 
secondary explosive can be detonated when ig- 
nited by a flame or conductive heating only when 
present in much larger quantities or within heavy 
confinement such as a heavy walled metal con- 
tainer, or by being exposed to mechanical impact 
between two hard metal surfaces. Examples of 
primary explosives are mercury fulminate, lead 
styphnate, lead azide and diazodinitrophenol or 
mixtures of two or more of these and/or other 
similar substances. Representative examples of 
secondary explosives are pentaerythritoltetranitrate 
(PETN), cyclotrimethylenetrinitramine (RDX), 
cyclotetramethylenetetranitramine (HMX), 
trinitrophenylmethylnitramine (Tetryl) and 
trinitrotoluene (TNT) or mixtures of two or more of 
these and/or other similar substances. 

For the present purposes any of the abovesaid 
secondary explosives can be used although it is 
preferred to select more easily ignited and deto- 
nated secondary explosives, in particular RDX and 
PETN or mixtures thereof. Different initiating ele- 
ment parts may contain different secondary ex- 
plosives. If the element is broadly divided into a 
deflagration section and a detonations section, with 
the proviso that the exact location of the transition 
point may vary and that the section division need 
not correspond to any physical structure in the 
element, it is preferred to use the more easily 
ignited and detonated explosives at least in the 
deflagration section while the explosive in the deto- 
nation section may be more freely selected. 

In addition to the specific additives made in 
accordance with the present invention, normal ad- 
ditives can be included, such as potassium perch- 
lorate or metals such as aluminum, manganese or 
zirkonium powder for modification of sensitivity and 
reaction properties. 

A preferred embodyment of the invention incor- 
porates in the element a secondary explosive 
modified with a combustion catalyst. A main pur- 
pose of the addition is to affect the reaction rate at 
low pressures, e.g. up to about 200 bars, better up 
to about 500 bars or even up to about 1000 bars, 
tn these pressure ranges the reaction rate is ap- 
proximately modelled by the equation of Vieille, r 
= Ap N , where r is the rate of burning normal to the 
burning surface, p is the pressure, N is the pres- 
sure exponent and A is a rate constant. 

One desired influence in said pressure range is 
a general increase in reaction rate expressed as an 
increase in the rate constant (A), e.g. with at least 
10%, better with at least 50% and preferably with 
at least 100%, in order to facilitate rapid formation 
of a stable linear burning front. It is suitable that the 
rate constant is sufficiently high for the composition 
to sustain a stable linear burning at a constant 
atmospheric pressure. Another desired influence is 



a high pressure dependence in order to have a 
reaction rate avalanche with increasing pressure in 
the confinement, for rapid acceleration of the initial 
reaction. For this purpose the pressure exponent 

5 (N), measured as a linear approximation in the 
pressure range considered, should be clearly 
above zero, better above 1 and preferably above 
1.5. Differently expressed, it is suitable that the 
catalyst addition does not lower the pressure expo- 

70 nent for the secondary explosive without catalyst 
and preferably increases the exponent with at least 
10% or better with at least 50% and preferably with 
at least 100%. Still another desired influence is an 
increased reaction rate at low temperatures, and 

/5 preferably a generally reduced temperature depen- 
dence for the reaction rate, in order to obtain 
reliable and reproducible performance at different 
operating temperatures. Temperature dependence, 
expressed as dA/dT, where A is the rate constant 

20 and T the temperature, may be reduced by at least 
10%, better by at least 50% and is preferably 
reduced by at least 100% when adding the cata- 
lyst. 

Many compounds can be used to reach the 

25 abovesaid results and the invention is not restricted 
to any particular compound or combination of com- 
pounds. A general method of evaluating the suit- 
ability of a catalyst for the present purposes is to 
determine the A and N constants in the Vieille 

30 equation for the secondary explosive, with and 
without the catalyst addition respectively, and ob- 
serving the improvement obtained. A standard 
measuring technic is to burn the composition under 
study in a closed pressurized vessel of a volume 

35 large enough to give a roughly constant pressure 
during the reaction. Reaction time is measured and 
gives the reaction rate at that pressure. Plotting 
several reaction rates against their respective pres- 
sures in a logaritmic diagram will give a value for 

40 the constant A at standard pressure and a value for 
constant N based on inclination of the rate to 
pressure curve, in this case approximated to a 
straight line. Temperature dependence can be de- 
termined by repeating these measurements at sev- 

45 eral different initial temperatures for the composi- 
tions. By the method outlined any catalyst can- 
didate can be evaluated for proper properties in 
view of the guidelines given. 

Catalyst candidates are disclosed in the art of 

50 propel lants where an increase of reaction rates 
often is a partial although not predominant goal. 
The US specification 3 033 718, incorporated here- 
in by reference, and abundant subsequent patents, 
disclose propellant catalyst composition which may 

55 be used as described or after screening with re- 
gard to the considerations given hereinabove. Un- 
like propellants, an unrestricted acceleration of re- 
action rates is an advantage in explosives for the 
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present purposes and high values for the A and N 
constants mentioned and porosities for exposing 
large burning surfaces are typical adaptions in the 
present connection. 

Catalyst examples are carbon, kryolites, com- 
pounds of metals such as aluminum or manganese 
or preferably heavy metals such as iron, cobolt, 
nickel, mercury, silver, zink or, in particular, lead, 
chromium and copper. Organic compounds of the 
metals are preferred. The compounds generally 
influence the reaction pattern in more than one way 
but as a non-limiting suggestion may be said that 
carbon powder increase the value of constant A, 
the kryolites reduces temperature dependence and 
metal compounds may affect constant A or N. 
Catalyst mixtures are preferred for combined re- 
sults. 

The desired intimate mixture of catalysts and 
expolosive can be obtained by treating explosive 
crystals with catalyst solution or suspention but is 
preferably made by dry-mixing the components, 
both suitably fine-grained as will be described for 
granulated material. The amount of catalyst can 
usually be kept low, such as between 0.1 and 10 
percent by weight of the mixture or preferably 
between 0. 5 and 5 percent. 

A preferred embodyment of the invented ele- 
ment incorporates secondary explosive modified to 
particulate granulated form. The granules are 
formed of a plurality of primary particles, held 
together in clusters with certain inherent cohesion 
and mechanical strength. 

The primary particles of the secondary explo- 
sive should have a fine-grained particle size in 
order to expose a large specific surface to the gas 
phase at the ignition and early deflagaration stages. 
The weight average particle size should be below 
100 microns, better below 50 microns and prefer- 
ably even below 20 microns. Very small particles 
may result in too compact granules and weight 
average sizes in excess of 0.1 microns are pre- 
ferred and also in excess of 1 microns in order to 
reduce manufacturing problems. Any shape of the 
primary particles may be used although single cry- 
stals, or assemblies of only few crystals, are pre- 
ferred. A suitable primary particle product may be 
obtained by grining larger particles or preferably by 
precipitation from solution, in accordance with 
known practice, in order to recover a product of 
narrow size distribution. 

Various method can be used to assemble the 
primary particles into clusters or granules of the 
desired size and shape. The primary particles can 
be adhered entirely without a binder by forming 
and drying a wet cake of from a suspension in a 
non-solvent for the particles. Addition of a binder to 
the suspension improves final coherence between 
the particles. Suitable binders are polymers, solu- 



ble or suspendable in the suspension media, such 
as polyvinylacetate, polymetacrylate or polyvinylal- 
cohol. The flegmatizing influence of the binder is 
reduced if a self-explosive or self-reacting com- 

5 pund, such as polyvinylnitrate or nitrocellulose, is 
selected for binder. The binder is suitably added 
dissolved in a non-solvent for the secondary explo- 
sive, such as ethylacetate. The binder amount 
should be kept low in order to retain the ability to 

io disintegrate and compact the granules by forces 
applied in subsequent manufacturing steps. A suit- 
able binder amount is between 0.1 and 10 percent 
by weight of the granulated product and preferably 
between 1 and 5 percent. Granule size and shape 

75 can be affected by carefully grining a dry cake or 
by forcing it through a sieve, the latter method 
allowing preparation of elongated granules. Alter- 
natively, simultaneous drying and agitation will form 
spherical granules of controlled size. Granule 

20 weight average sizes between 10 and 2000 
microns and preferably between 100 and 500 
microns are suitable. Unreproducible element con- 
ditions are caused by too large particles and too 
small granules may result in insufficient charge 

25 porosity. 

In case optional particulate additives, conven- 
tional or catalysts as disclosed, shall be present in 
the charge, they are preferably, for best free sur- 
face intimacy, included in the granulated material 

30 by forming part of the primary particles mass, 
although conceivable possibilities are also separate 
addition of the additive particles to the charge bed 
or their inclusion in the primary particles them- 
selves. 

35 As above indicated, the explosive material de- 

scribed shall be included in an initiating element 
with a confinement for the secondary explosive, 
having a first end adapted for ignition of the secon- 
dary explosive by igniting means, optionally via 

40 delay or flame-conducting pyrotecnic compositions, 
a second end adapted for delivering a detonation 
impuls and an intermediate portion in which the 
secondary explosive upon ignition is able to un- 
dergo a deflagration to detonation transition. A pre- 

45 ferred general layout of the element is disclosed in 
the previously mentioned US specification 4 727 
808, incorporated by reference herein. 

The element shall contain an initiating charge 
in which the reaction speed is accelerated to deto- 

50 nation or near detonation velocities. This charge 
shall contain modified secondary explosive in order 
too reach the stated advantages. Preferably the 
initiating charge portion adjacent the first end of the 
element, or the portion subjected to ignition and 

55 where low' pressures are prevailing, say below 
about 500 bars, shall contain materials of the inven- 
tion. It is further preferred that the remaining por- 
tion of the initiating charge or the portion closer the 
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second end of the element contains less or no 
modified secondary explosive, and preferably con- 
tains or consists of crystalline material for reasons 
set out hereinabove. Suitable crystalline materials 
may have the same size characteristics as dis- 
cussed for granulated material. It is also preferred 
that this portion has a lower and preferably no 
content of combustion catalysts. The explosive 
weight ratio in the two portions is suitably in the 
range between 1:5 and 5:1, preferably between 1:2 
and 2:1. 

Overall pressing density for the initiating 
charge is suitably in the range of between 50 and 
90 % of the crystal density for the explosive used 
and preferably between 60 and 80 % of said den- 
sity. Advantageously the initiating charge has a 
gradient of increasing pressing density from the 
first end and onwards. Preferably the the gradient 
is non-linear and have accelerating increase with 
charge length. Density in the lower density end 
may be between 10 and 50, preferably between 20 
and 40 %, of crystal density and in the higher 
density end between 60 and 100 %, preferably 
between 70 and 95 %. The desired density profile 
can be obtained by incremental pressing of the 
charge. By preference, however, the entire initiating 
charge is formed in a substantially one-step press- 
ing operation, which will result in an increasing 
density gradient if the pressure force is applied in 
the reverse direction. Whatever method used, the 
granulated material suggested will promote forma- 
tion of a low density charge end of high porosity 
and progressively higher densities under compac- 
tion and partial disintegration of the granules. In the 
high density end the best properties and steepest 
gradients are attained by the preferred inclusion of 
crystalline material in the charge. 

An initiating charge of sufficient length and 
configured as described will permit the secondary 
explosive to complete the transition from deflag- 
ration to detonation and the element to deliver a 
detonation impuls. The high density end of the 
initiating charge may then coincide with the ab- 
ovesaid second end of the element. A generally 
smaller element of improved reliability performance 
is obtained if, according to a preferred practice of 
the abovesaid US reference, an intermediate 
charge is disposed between the initiating charge 
and the second end, or after the initiating charge in 
the explosive material train. A pressing density 
drop, when seen in the reaction direction, shall be 
present in the boundary between initiating charge 
and intermediate charge and preferably the inter- 
mediate charge has a lower overall density when 
compared to the average density of the initiating 
charge. The average density for the intermediate 
charge may be in the range between 30 and 80 % 
of the crystal density for the explosive used and 



preferably between 40 and 75 % of said density. 
Like in the initiating charge, a gradient of increas- 
ing pressing density towards the output end is 
preferably present in the intermediate charge. In- 

s cremental pressing can be used to control density 
but a single-step method facilitates manufacture 
and give homogeneous gradients, the preferred 
procedure being to force an openended element, 
with the initiating charge already present, into a 

70 bed of secondary explosive for the intermediate 
charge. This explosive preferably contains or con- 
sists of crystalline material as described to promote 
formation of the desired density profile and as 
reaction velocities here are believed to be too high 

75 to benefit from influence of combustion catalysts or 
granulated material. 

Again in accordance with abovesaid reference, 
a thin wall is preferably present in the boundary 
between initiating and intermediate charges for re- 

20 taining the charges and promoting a distinct deto- 
nation transition. The wall is suitably of metal and 
less than 1 mm and even less than 0.5 mm in 
thickness and may contain an aperture, or a recess 
for an aperture, to facilitate penetration. The wall 

25 may be integral with the element itself but is pref- 
erably a separate cup or disc, slightly oversized in 
relation to the element interior to secure its reten- 
tion under all operating conditions, and is prefer- 
ably inserted in connection with the initiating 

30 charge pressing operation. 

The main confinement of the element shall 
enclose at least the initiating charge and preferably 
also the intermediate charge when present. The 
confinement may be a substantially cylindrical tube 

35 of strong material, such as steel, brass or perhaps 
aluminium with a wall thickness below 2 mm or 
even below 1 mm. The diameter may be less than 
15 mm, or less than 10 mm, and may be adapted 
to the size of a detonator shell. 

40 While the second end of the confinement may 
embrace some additional axial confinement, such 
confinements are preferably omitted as superflu- 
ous. The first end, however, is preferably provided 
with axial confinement in addition to radial confine- 

45 ment in order to support rapid pressure build-up 
under the critical first stages in the reaction. Any 
structure able to limit reaction gas losses is usable 
for this purpose. An impervious slag column from 
pyrotecnical compositions, delay compositions in 

so particular, may serve this purpose. Delay composi- 
tion elements, when used, preferbly have a reac- 
tant column more narrow than the secondary explo- 
sive column of the initiating charge. Optional delay, 
flame-conducting or other compositions can be po- 

55 sitioned in- or outside the physical limits of the 
element main confinement. Alternatively, axial con- 
finement may include a wall, which can be sepa- 
rate from, but preferably is integral with, the main 
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confinement. The first end may be entirely closed. 
In this case arrangements have to be provided to 
include igniting means within the enclosure, to al- 
low ignition over the closed wall by for instance 
heal or percussion means or to arrange a valve 
allowing forward signalling and gas flow only. It is 
preferred to include a hole in the first end confine- 
ment, however, to simplify ignition with ordinary 
igniting means, the pressure loss being acceptable 
when the principles of the invention are utilized. 
The hole can be provided directly at the element 
first end, adjacent the initiating charge, or at any 
pyrotechntcal device interposed between the ele- 
ment first end and the igniting means. 

Although the element has been described as a 
cylidrical structure, it is obvious that other confine- 
ment shapes of corresponding strength properties 
are within the scope of the invention. 

The igniting means provided somewhere be- 
fore the element first end in the reaction train can 
be designed and selected very freely for reasons 
set out above. Any conventional type can be used, 
such as an electrical fusehead, safety fuse, deto- 
nating cord, low energy detonating cord, hollow 
channel low energy fuse (e.g. NONEL, registered 
trade mark), exploding foils or films, laser pulses 
delivered through optical fibres, electronic devices 
etc. Preferred are the mainly heat generating de- 
vices. 

The element embodied herein may be used as 
an independent explosive device for various pur- 
poses or may be included in igniters, detonators, 
primers etc. Its principal use, however, is in in 
civilian detonators, which typically includes a hol- 
low tube with a secondary explosive base charge in 
one end, an opposite open end provided with or for 
the insertion of igniting means as described and an 
intermediate portion containing at least a priming 
device and optionally also delay or flame-conduct- 
ing components. In such detonators the present 
initiating element is intended to constitute the prim- 
ing device, transforming the initial low speed signal 
into a detonation for detonating the base charge. 
An ordinary priming device of primary explosive 
can simply be substituted by the present element, 
with its second end facing the base charge, with 
optional intermediate charges, and its first end fac- 
ing the igniting means, with optional intermediate 
devices. The element confinement can be integral 
with the detonator shell tube but is preferably sepa- 
rate structure inserted into the tube, for which pur- 
pose element external surface may correspond to 
tube interior surface. 

A detonator of the described kind may be 
maufacured by separately pressing the base 
charge in the bottom of the detonator shell tube 
with subsequent insertion of the element in abutting 
relationship to the base charge, although it is also 



possible to press the base charge by use of the 
element. Above the element is optionally inserted a 
delay element, preferably with an ignition or flame- 
conducting pyrotecnical composition between de- 

5 lay element and initiating element. The igniting 
means are inserted in the open end of the shell 
tube, which is sealed by a plug with signalling 
means, such as a fuse tube or electrical wires, 
extending therethrough. 

to The detonator of the invention may be used in 
any area suited for conventional detonators al- 
though its improved reliability and safety is consid- 
ered to further expand uses into new competitive 
areas. 

is The invention will be further enlightened in the 

following illustrative examples. 

Example 1 

20 A granulated product of PETN was prepared 

by wet-grinding 200 g coarse PETN crystals for 8 
hours in a laboratory ball mill. The crystals were 
separated from the water and dried overnight at 70 
degrees centigrades. Crystal size was between 2 

25 and 20 microns. About 3 g polyvinylacetate was 
dissolvend in about 100 grams ethylacetate and the 
solution was added to the crystals. The paste ob- 
tained was pressed through a 35 mesh sieve and 
the elongated granules obtained were dried over- 

30 night at 70 degrees centigrades. Over- and under- 
sized particles were removed by screening. The 
granules obtained had a size of about 2mm x 0.5 
mm. 

An deep-drawn initiating element of low carbon 

35 content steel material was prepared, having a 
length of 23 mm, an outer width of 6.4 mm and a 
wall thickness of 0.6 mm. One element end having 
a constriction leaving a hole of 2.5 mm. About 300 
mg of a pyrothecnical delay composition containing 

40 lead oxide, silicon and a binder was pressed into 
the restricted end of the element with a force of 
about 2500 N. About 280 mg of the above de- 
scribed granulated material was filled into the ele- 
ment above the delay charge and pressed with a 

45 force of about 1400 N, an aluminium cup disposed 
between the presspin and the charge being si- 
multaneously forced into the element, the cup hav- 
ing a thickness of avout 0.3 mm and having a 
central recessed region of about 0.1 mm thickness. 

so Average density of the initiating charge explosive 
was about 1 .25 g/cc. 

A detonator shell of 74 mm in length and 7.5 
mm in outer diameter was filled in its closed end 
with 700 mg base charge of RDX/wax in a ratio of 

5& 95/5 and pressed with a force of 3000 N to a final 
density of about 1.5 g/cc. About 200 mg of the 
granulated material was loosely filled into the shell 
above the base charge and pressed by forcing the 
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initiating element, with its open, cup-equipped, end 
towards the base charge, with about 800 N to give 
ultimate average density in the intermediate 
charge, between base charge and initiating charge, 
of about 1 .0 g/cc. 

A standard electrical fusehead was inserted 
and sealed into the open end of the detonator shell. 
Out of 1000 so prepared detonators 995 detonated 
properly when shot. 

Example 2 

An initiating element structure of the type de- 
scribed in Example 1 was first filled with delay 
composition as described. Then 140 mg of the 
granulated material described in Example 1 and 
140 mg of crystalline PETN, having a particle size 
of about 200 microns, were filled above the delay 
charge and was pressed with an aluminium cup as 
described to the same average final density. For 
intermediate charge between base charge and ini- 
tiating charge was used 200 mg of the same cry- 
stalline material as above. Detonators were finished 
as in Example 1 and 1000 detonators were shot 
with no failures. 

Example 3 

An initiating element was prepared from com- 
mon constuction steel, cut from standard tube and 
open in both ends, with a length of 17 mm and a 
diameter of 6.4 mm. Into the element was charged 
140 mg of granulated material and 140 mg of 
crystalline material as described and pressed with 
a cup to about the same final density as in Exam- 
ple 2. The element was forced into a detonator 
shell with base charge and loose explosive to form 
an intermediate charge as described. After inser- 
tion of the element, about 100 mg of a flame- 
conducting composition was filled above the ele- 
ment and a delay element, with a length of 9 mm 
and internal dimeter of 3 mm filled with the same 
compositon as described in Example 1 , was forced 
against the initiating element with about 2000 N. A 
low energy fuse tube of Nonel (Registered Trade 
Mark) was inserted and sealed into the open deto- 
nator shell end. 4000 detonators of this kind were 
shot without failures. 

Example 4 

A granulated product was preapred as de- 
scribed in Example 1, with the distinction that to 
the 200 g of coarse PETN was added, before 
grinding, about 2 g lead stearate, 1 g dich- 
rometrioxide, 1 g potassium kryolite and 0.2 g 
carbon black. This mixture was ground and 
granulated as described in Example 1 . 



Ready detonators were prepared as described 
in Example 2 but with Nonel (Registered Trade 
Mark) as igniting means. At a temperature of minus 
30 degrees centigrade 18 detonators were shot. No 
s failures were registered. 

Example 5 

Detonators were prepared as in Example 4 but 
w with use of the granulated product of Example 1 
instead of the granulated material described in Ex- 
ample 4. The detonators were shot at minus 30 
degrees centigrades. Out of 18 detonators two 
failed to detonate. 

Example 6 

The granulated material of Example 1 and the 
granulated material of Example 4 were formed into 

20 two sparate and freely positioned strands of about 
2 mm height on a flat surface. Both strands were 
ignited with a hot flames. The material of Example 
1 was unable to burn unsupported by the flame 
while the mateiral of Example 4 after ignition burnt 

25 steadily to the end of the strand. 

Claims 

1. An initiating element of non-primary explosive 
30 type comprising a confinement containing sec- 
ondary explosive, having a first end adapted 
for ignition of the secondary explosive by 
mainly heat-generating igniting means, option- 
ally via delay and flame-conducting pyrotech- 

35 nic compositions, a second end adapted for 

delivering a detonation impuls and a intermedi- 
ate portion in which the secondary explosive 
upon ignition is able to undergo a deflagration 
to detonation transition, characterized in that 

40 at least the secondary explosive located at the 
first end of the element is modified to the form 
of granules, having a weight average particle 
size between 10 and 2000 urn made up of a 
plurality of primary crystals, having a weight 

45 average particle size between 0.1 and 100 urn 

held together in clusters. 

2. The element of claim 1, characterized in that 
the secondary explosive is modified with a 

so reaction catalyst. 

3. The element of claim 2, characterized in an 
amount of catalyst between 0.1 and 10 percent 
by weight of the mixture. 

55 

4. The element of claim 2, characterized in that 
the catalyst is a fine-grained powder. 
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5. The element of claim 2, characterized in that 
the catalyst is incorporated in the granulated 
secondary explosive. 

6. The element of claim 2, characterized in that 
as catalyst is used carbon, kryolites or com- 
pounds of metals such as aluminium, man- 
ganese, iron, cobalt, nickel, mercury, silver, 
zink or, in particular, lead, chromium and cop- 
per. 

7. The element of claim 1, characterized in the 
secondary explosive crystals of the granulated 
material have a weight average particle size 
between 1 and 50 urn 

a The element of claim 1 , characterized in that 
the granulated material contains a binder for 
the secondary explosive crystals in an amount 
between 0.1 and 10 % by weight of the 
granulated material. 

9. The element of claim 1, characterized in that 
the secondary explosive granules have a 
weight average particle size between 100 and 
500 u,m. 

10. The element of claim 1, characterized in that 
the modified secondary explosive is located in 
an area adjacent the first end of the element 
and that a charge of less or no modified sec- 
ondary explosive is arranged between the area 
adjacent the first end and the second end. 

11. The element of claim 10, characterized in 
that the area with less or no modified secon- 
dary explosive comprises crushed granulated 
material. 

12. The element of claim 10, characterized in 

that the area with less or no modified secon- 
dary explosive comprises crystalline material. 

13. The element of claim 1, characterized by a 

division of the element in an initiating charge 
adjacent the first end and an intermediate 
charge between the initiating charge and the 
second end, the charges being separated by a 
stepwise drop in pressing density from the 



15. The element of claim 14, characterized in a 
weight ratio of modified secondary explosive to 
crystalline material between 1:5 and 5:1. 

5 16. The element of claim 13. characterized in a 
pressing density gradient in the initiating 
charge, increasing in direction from the first 
end towards the second end. 

10 17. The element of claim 13, characterized by an 
average pressing density for the initiating 
charge of between 50 and 90 % of crystal 
density for the explosive used. 

75 1a The element of claim 13, characterized in 
that the intermediate charge contains crystal- 
line material. 

19. The element of claim 13, characterized by a 
20 pressing density gradient in the intermediate 

charge, increasing in direction from the first 
end towards the second end. 

20. The element of claim 13, characterized by an 

25 average pressing density for the intermediate 

charge of between 30 and 80 % of crystal 
density for the explosive used. 

21. The element of claim 13, characterized in 
so that a wall is arranged in the boundary be- 
tween initiating charge and intermediate 
charge. 

22. The element of claim 13, characterized in 
35 that the wall is a cup or disc separate from the 

confinement but adhered thereto. 

23. The element of any of the preceedning claims, 
characterized in that it contains secondary 

40 explosive- of PETN or RDX or both. 

24. The element of any of claims 1 to 23 when 
used in a non-primary explosive hollow tube 
detonator containing a secondary explosive 

45 base charge adjacent the second end of the 

element and igniting means, and optional delay 
and flame-conducting pyrotechnical composi- 
tions, adjacent the first end of the element. 

25. An initiating element of non-primary explosive 
type comprising a confinement containing sec- 
ondary explosive, having a first end adapted 
for ignition of the secondary explosive by ignit- 
ing means, optionally via delay and flame- 
conducting pyrotechnic compositions, a sec- 
ond end adapted for delivering a detonation 
impuls and a intermediate portion in which the 
secondary explosive upon ignition is able to 



initiating charge to the intermediate charge. 50 

14. The element of claim 13, characterized in 
that the initiating charge contains modified sec- 
ondary explosive adjacent the first end and 
crystalline material adjacent the intermediate 55 
charge. 
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undergo a deflagration to detonation transition, 
characterized in that at least the secondary 
explosive located at the first end of the ele- 
ment is modified with an addition of reaction 
catalyst, to give increased reaction rates at low 5 
pressures. 

26. The element of claim 25, characterized by an 
amount of catalyst between 0.1 and 10 percent 

by weight of the mixture. io 

27. The element of claim 25, characterized in 
that the catalyst is a fine-grained powder. 

28. The element of claim 25, characterized in is 
that the catalyst is incorporated in a granulated 
secondary explosive. 

29. The element of claim 25, characterized in 
that as catalyst is used carbon, kryolites or 
compounds of metals such as aluminium, man- 
ganese, iron, cobalt, nickel, mercury, silver, 
zink or, in particular, lead, chromium and cop- 
per. 

30. The element of claim 25, characterized in 
that the secondary explosive is modified to a 
material of granulated secondary explosive 
crystals. 

31. The element of claim 30, characterized in the 
secondary explosive crystals of the granulated 
material have a weight average particle size 
between 0.1 and 100 urn. 

32. The element of claim 30, characterized in 
that the granulated material contains a binder 
for the secondary explosive crystals in an 
amount between 0.1 and 10 % by weight of 
the granulated material. to 

33. The element of claim 30, characterized in 
that the secondary explosive granules have a 
weight average particle size between 10 and 
2000 urn. 45 

34. The element of claim 25, characterized in 
that the modified secondary explosive is lo- 
cated in an area adjacent the first end of the 
element and that a charge of less or no modi- 50 
fied secondary explosive is arranged between 

the area adjacent the first end and the second 
end. 

35. The element of claim 34, characterized in 55 
that the area with less or no modified secon- 
dary explosive comprises crushed granulated 
material. 



36. The element of claim 34, characterized in 
that the area with less or no modified secon- 
dary explosive comprises crystalline material. 

37. The element of claim 25, characterized by a 
division of the element in an initiating charge 
adjacent the first end and an intermediate 
charge between the initiating charge and the 
second end, the charges being separated by a 
stepwise drop in pressing density from the 
initiating charge to the intermediate charge. 

38. The element of claim 37, characterized in 
that the initiating charge contains modified sec- 
ondary explosive adjacent the first end and 
crystalline material adjacent the intermediate 
charge. 



42. The element of claim 37, characterized in 
that the intermediate charge contains crystal- 
line material. 

43. The element of claim 37, characterized by a 

pressing density gradient in the intermediate 
charge, increasing in direction from the first 
end towards the second end. 

44. The element of claim 37, characterized by an 
average pressing density for the intermediate 
charge of between 30 and 80 % of crystal 
density for the explosive used. 

45. The element of claim 37, characterized in 
that a wall is arranged in the boundary be- 
tween initiating charge and intermediate 
charge. 

46. The element of claim 37, characterized in 
that the wall is a cup or disc separate from the 
confinement but adhered thereto. 

47. The element of any of the preceedning claims, 
characterized in that it contains secondary 
explosive of PETN or RDX or both. 



39. The element of claim 38, characterized by a 

20 weight ratio of modified secondary explosive to 

crystalline material between 1:5 and 5:1. 

40. The element of claim 37, characterized by a 
pressing density gradient in the initiating 

25 charge, increasing in direction from the first 

end towards the second end. 

41. The element of claim 37, characterized by an 

average pressing density for the initiating 
30 charge of between 50 and 90 % of crystal 
density for the explosive used. 
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48. The element of any of claims 25 to 47 when 
used in a non-primary explosive hollow tube 
detonator containing a secondary explosive 
base charge adjacent the second end of the 
element and igniting means, and optional delay 
and flame-conducting pyrotechnical composi- 
tions, adjacent the first end of the element. 

Patentanspriiche 

1. Initialelement vom nichtprimaren Sprengstoff- 
typ mit einem EinschluB, der einen Sekundar- 
sprengstoff aufweist, umfassend ein erstes 
Ende, welches ausgelegt ist zur Zundung des 
sekundaren Sprengstoffs durch eine haupt- 
sachlich wSrmeerzeugende ZUndeinrichtung, 
optional tiber verzogerungs- und flammenfiih- 
rende pyrotechnische Zusammentsetzungen, 
ein zweites Ende, welches ausgelegt zum Ab- 
geben eines Detonationsimpulses, und einen 
mittleren Abschnitt, in dem der Sekundar- 
sprengstoff bei ZUndung einen Deflagrations- 
zu Detonationsubergang erfahren kann, da- 
durch gekennzeichnet, da8 zumindest der Se- 
kundarsprengstoff, der bei dem ersten Ende 
des Elementes angeordnet ist, in die Form von 
Kornchen modifiziert ist, und zwar mit einem 
Gewichtsdurchschnittswert der PartikelgroBe 
zwischen 10 und 2000 urn, ausgebildet aus 
einer Vielzahl von Primarkristallen mit einem 
Gewichtsdurchschnittsert der PartikelgroBe 
zwischen 0,1 und 100 urn, die in Clustern 
zusammengehalten sind. 

2. Element nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der Sekundarsprengstoff mit ei- 
nem Reaktionskatalysator modifiziert ist. 



6. Element nach Anspruch 2, dadurch gekenn- 
zeichnet, daB als Katalysator Kohlenstoff, Kryo- 
lithe Oder Verbindungen von Metallen wie Alu- 
minium, Mangan, Eisen, Kobalt, Nickei, Queck- 
silber, Silber, Zink oder insbesondere Blei, 
Chrom und Kupfer verwendet wird. 



7. Element nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Sekundarsprengstoffkristalle 
des granulierten Materials einen Gewichts- 
durchschnittswert der PartikelgroBe zwischen 1 

5 und 50 um haben. 

8. Element nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das granulierte Material ein Bin- 
demittel fUr die Sekundarsprengstoffkristalle in 

w einer Menge zwischen 0,1 und 10 Gewichts- 
prozent des granulierten Materials aufweist. 

9. Element nach Anspruch 1, dadurch gekenn- 
zeichnet. daB die Sekundarsprengstoffkorn- 

15 chen einen Gewichtsdurchschittswert der Parti- 

kelgroBe zwischen 100 und 500 mm haben. 

10. Element nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der modifizierte Sekundar- 

20 sprengstoff in einem Bereich benachbart zu 

dem ersten Ende des Elementes angeordnet 
ist, und daB eine Ladung von weniger oder 
nichtmodifiziertem Sekundarsprengstoff zwi- 
schen dem Bereich benachbart dem ersten 

25 Ende und dem zweiten Ende angeordnet ist. 

11. Element nach Anspruch 10, dadurch gekenn- 
zeichnet, daB der Bereich mit weniger oder 
nichtmodifiziertem Sekundarsprengstoff zer- 

30 kleinertes granuliertes Material aufweist. 

12. Element nach Anspruch 10, dadurch gekenn- 
zeichnet, dafl der Bereich mit weniger oder 
nichtmodifiziertem Sekundarsprengstoff kristal- 

35 lines Material aufweist. 

13. Element nach Anspruch 1, gekennzeichnet 
durch eine Teilung des Elements in eine zun- 
dende Ladung benachbart dem ersten Ende 
und eine mittlere Ladung zwischen der ziin- 
denden Ladung und dem zweiten Ende, wobei 
die Ladungen durch eine schrittweise Abnah- 
me in der Druckdichte von der ztlndenden 
Ladung zu der mittleren Ladung getrennt sind. 

14. Element nach Anspruch 13, dadurch gekenn- 
zeichnet, daB die zundende Ladung modifizier- 
ten SekundkSrsprengstoff benachbart zu dem 
ersten Ende und kristallines Material benach- 
bart zu der mittleren Ladung aufweist. 

15. Element nach Anspruch 14, gekennzeichnet 
durch ein Gewichtsverhaltnis von modifiziertem 
Sekundarsprengstoff zu kristallinem Material 

55 zwischen 1 :5 und 5:1 . 

16. Element nach Anspruch 13, gekennzeichnet 
durch einen Druckdichtegradienten in der zOn- 



3. Element nach Anspruch 2, gekennzeichnet 
durch eine Menge an Katalysator zwischen 0,1 40 
und 10 Gewichtsprozent der Mtschung. 

4. Element nach Anspruch 2, dadurch gekenn- 
zeichnet, daB der Katalysator ein feingekorntes 
Pulver ist. 45 

5. Element nach Anspruch 2, dadurch gekenn- 
zeichnet, daB der Katalysator in dem granulier- 
ten Sekundarsprengstoff aufgenommen ist. 

so 
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denden Ladung, der in Richtung von dem er- 
sten Ende zu dem zweiten Ende zunimmt. 

17. Element nach Anspruch 13, gekennzeichnet 
durch eine mittlere Druckdichte fOr die ztlnden- 5 
de Ladung zwischen 50 und 90 % dar Kristall- 
dichte fur den verwendeten Sprengstoff. 

18. Element nach Anspruch 13, dadurch gekenn- 
zeichnet, dafl die mittlere Ladung kristallines 10 
Material aufweist. 

19. Element nach Anspruch 13, gekennzeichnet 
durch einen Druckdichtegradienten in der mitt- 
leren Ladung, der in Richtung von dem ersten 75 
Ende zu dem zweiten Ende zunimmt. 

20. Element nach Anspruch 13, gekennzeichnet 
durch eine mittlere Druckdichte fur die mittlere 
Ladung zwischen 30 und 80 % der Kristalldich- 20 
te fur den verwendeten Sprengstoff. 

21. Element nach Anspruch 13, dadurch gekenn- 
zeichnet, daB eine Wand in der Grenze zwi- 
schen der zundenden Ladung und der mittle- 25 
ren Ladung angeordnet ist. 

22. Element nach Anspruch 13, dadurch gekenn- 
zeichnet, da8 die Wand eine Pfanne Oder 
Scheibe ist, die getrennt von dem EinschluB, 30 
jedoch mit diesem verbunden ist. 

23. Element nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB es Se- 
kundarsprengstoff aus PETN Oder RDX oder 35 
beidem aufweist. 

24. Element nach einem der Anspruche 1 bis 23, 
wenn verwendet in einem Nichtprimarspreng- 
stoff-Hohlrohrendetonator mit einer Sekundar- 40 
sprengstoffbasisladung benachbart dem zwei- 
ten Ende des Elements und einer Zundeinrich- 
tung, und optional Verzogerungs- und flam- 
menfuhrenden pyrotechnischen Zusammerset- 
zungen, und zwar benachbart dem ersten 45 
Ende des Elementes. 

25. Initialelement vom NichtprimSrsprengstofftyp 
mit einem EinschluB, der einen Sekundar- 
sprengstoff aufweist, umfassend ein erstes 50 
Ende, welches ausgelegt ist zur Zundung des 
Sekundarsprengstoffes durch eine ZUndein- 
richtung, optional fiber Verzdgerungs- und 
flammenfUhrende Pyrotechnikzusammenset- 
zungen, ein zweites Ende, welches ausgelegt 55 
ist zum Abgeben eines Detonationsimpulses, 

und einen mittleren Abschnitt, in dem der Se- 
kundarsprengstoff bei ZUndung einen Deflagra- 



tions- zu Detonationsubergang erfahren kann, 
dadurch gekennzeichnet, daB zumindest der 
Sekundarsprengstoff, der bei dem ersten Ende 
des Elementes angeordnet ist, mit einem Zu- 
satz an einem Reaktionskatalysator modifiziert 
ist, und zwar, um erhohte Reaktiongraten bei 
niedrigen Drukkan zu erhalten. 

26. Element nach Anspruch 25, gekennzeichnet 
durch eine Menge an Katalysator zwischen 0,1 
und 10 Gewichtsprozent der Mischung* 

27. Element nach Anspruch 25, dadurch gekenn- 
zeichnet, daB der Katalysator ein feingekorntes 
Pulver ist. 

28. Element nach Anspruch 25. dadurch gekenn- 
zeichnet, daB der Katalysator in dem granulier- 
ten Sekundarsprengstoff aufgenommen ist. 

29. Element nach Anspruch 25, dadurch gekenn- 
zeichnet, daB als Katalysator Kohlenstoff, Kryo- 
lithe oder Verbindungen von Metallen wie Alu- 
minium, Mangan, Eisen, Kobalt, Nickel, Queck- 
silber, Silber, Zink oder insbesondere Blei, 
Chrom und Kupfer verwendet wird. 

30. Element nach Anspruch 25, dadurch gekenn- 
zeichnet, daB der Sekundarsprengstoff in ein 
Material von granulierten Sekundarsprengstoff- 
kristallen modifiziert ist. 

31. Element nach Anspruch 30, dadurch gekenn- 
zeichnet, daB die Sekundarsprengstoffkristalle 
des granulierten Materials einen Gewichts- 
durchschnittswert der PartikelgroBe zwischen 
0,1 und 100 um haben. 

32. Element nach Anspruch 30, dadurch gekenn- 
zeichnet, daB das granulierte Material ein Bin- 
demittel fOr die Sekundarsprengstoffkristalle in 
einer Menge zwischen 0,1 und 10 Gewichts- 
prozent des granulierten Materials aufweist. 

33. Element nach Anspruch 30, dadurch gekenn- 
zeichnet, daB die Sekundarsprengstoffkorn- 
chen einen Gewichtsdurchschnittswert dar Par- 
tikelgrSBe zwischen 10 und 2000 um haben. 

34. Element nach Anspruch 25, dadurch gekenn- 
zeichnet, daB der modifizierte Sekundar- 
sprengstoff in einem Bereich benachbart dem 
ersten Ende des Elements angeordnet ist und 
daB eine Ladung von weniger oder nichtmodifi- 
ziertem Sekundarsprengstoff zwischen dem 
Bereich benachbart dem ersten Ende und dem 
zweiten Ende angeordnet ist. 
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35. Element nach Anspruch 34, dadurch gekenn- 
zeichnet, daB der Bereich mit weniger Oder 
nichtmodifiziertem Sekundarsprengstoff zer- 
kleinertes granuliertes Material aufweist. 

36. Element nach Anspruch 34, dadurch gekenn- 
zeichnet, da8 der Bereich mit weniger Oder 
nichtmodifiziertem Sekundarsprengstoff kristal- 
lines Material aufweist. 

37. Element nach Anspruch 25, gekennzeichnet 
durch eine Teilung des Elementes in eine zun- 
dende Ladung benachbart dem ersten Ende 
und eine mittlere Ladung zwischen der zun- 
denden Ladung und den zweiten Ende, wobei 
die Ladungen durch eine schrittweise Abnah- 
me in der Druckdichte von der zundenden 
Ladung zu der mittleren Ladung getrennt sind. 

38. Element nach Anspruch 37, dadurch gekenn- 
zeichnet, daB die zundende Ladung modifizier- 
ten Sekundarsprengstoff benachbart zu dem 
ersten Ende und kristallines Material benach- 
bart zu der mittleren Ladung aufweist. 

39. Element nach Anspruch 38, gekennzeichnet 
durch ein Gewichtsverhaltnis von modifiziertem 
Sekundarsprengstoff zu kristallinem Material 
zwischen 1:5 und 5:1. 

40. Element nach Anspruch 37, gekennzeichnet 
durch einen Druckdichtegradienten in der zun- 
denden Ladung, der in Richtung von dem er- 
sten Ende zu dem zweiten Ende zunimmt. 

41. Element nach Anspruch 37, gekennzeichnet 
durch eine mittlere Druckdichte fUr die zUnden- 
de Ladung zwischen 50 und 90 % der Kristall- 
dichte fur den verwendeten Sprengstoff. 

42. Element nach Anspruch 37, dadurch gekenn- 
zeichnet, daB die mittlere Ladung kristallines 
Material aufweist 

43. Element nach Anspruch 37, gekennzeichnet 
durch einen Druckdichtegradienten in der mitt- 
leren Ladung, der in Richtung von dem ersten 
Ende zu dem zweiten Ende zunimmt. 

44. Element nach Anspruch 37, gekennzeichnet 
durch eine mittlere Druckdichte fur die mittlere 
Ladung zwischen 30 und 80 % der Kristalldich- 
te fur den verwendeten Sprengstoff. 

45. Element nach Anspruch 37, dadurch gekenn- 
zeichnet, daS eine Wand in der Grenze zwi- 
schen der zundenden Ladung und der mittle- 
ren Ladung angeordnet ist. 



46. Element nach Anspruch 37, dadurch gekenn- 
zeichnet, daB die Wand eine Pfanne oder 
Scheibe ist, die getrennt von dem EinschluB, 
jedoch mit diesem verbunden ist. 

5 

47. Element nach einem der vorhergehenden An- 
sprUche, dadurch gekennzeichnet, daB es Se- 
kundarsprengstoff aus PETN oder RDX oder 
beidem aufweist. 

10 

48. Element nach einem der AnsprOche 25 bis 47, 
wenn verwendet in einem Nichtprimarspreng- 
stoff-Hohlrohrendetonator mit einer Sekundar- 
sprengstoffbasisladung benachbart dem zwei- 

15 ten Ende des Elementes und einer ZUndein- 
richtung, und optional verzogerungs- und flam- 
menfuhrenden pyrotechnischen Zusammenset- 
zungen, und zwar benachbart dem ersten 
Ende das Elementes. 

20 

Revendications 

1. Element formant amorce d'un type d'explosif 
non primaire comprenant un logement conte- 

25 nant un explosif secondaire, poss£dant une 

premiere extremite apte a allumer I'explosif 
secondaire grace principalement a des 
moyens d'allumage degageant de la chaleur, 
facultativement au moyen de compositions py- 

30 rotechniques a retard et conduction de flam- 

me, une seconde extremite* adapted pour deli- 
vrer une impulsion de detonation, et une partie 
intermediate, dans laquelle lors de I'allumage, 
I'explosif secondaire est susceptible d'etre le 

35 siege d'une transition d'une deflagration a une 

detonation, caracte>ise en ce qu'au moins I'ex- 
plosif secondaire situe" dans la premiere extre- 
mite* de I'element est modifie sous la forme de 
granules poss^dant des particules d'une taille 

40 moyenne ponderale comprise entre 1 0 et 2000 

um et constitu^s par une pluralite de cristaux 
primaires possedant des particules d'une taille 
moyenne ponderale comprise entre 0,1 et 100 
um et maintenus assembles sous la forme 

45 d'amas. 

2. Element selon la revendication 1, caracterise 
en ce que I'explosif secondaire est modifie" 
avec un catalyseur de reaction. 

50 

3. Element selon la revendication 2, caracterise* 
par une quantity de catalyseur comprise entre 
0,1 et 10 pour cent en poids du melange. 

55 4. Element selon la revendication 2, caracterise 
en ce que le catalyseur est une poudre a 
grains fins. 
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5. Element seton la revendication 2, caracterise 
en ce que le catalyseur est incorpore dans 
I'explosif secondaire sous forme de granules. 

6. Element selon la revendication 2, caracteVise* 
en ce qu'on utilise comme catalyseur du car- 
bone, des cryolites ou des composes de m6- 
taux tels que I'aluminium, le manganese, le fer, 
le cobalt, le nickel, le mercure, I'argent, le 2inc 
ou, notamment, le plomb le chromo et le cui- 
vre. 

7. Element selon le revendication 1, caracterise 
en ce que les cristaux de I'explosif secondaire 
forme d'un materiau granule" possedent une 
taille moyenne pondeVale de particules compri- 
se entre 1 et 50 urn. 

8. Element selon la revendication 1, caracterise 
en ce que le materiau sous forme de granules 
contient un liant pour les cristaux de I'explosif 
secondaire, en une quantite* comprise entre 0,1 
et 10 % en poids du materiau a I'etat de 
granules. 

9. Element selon la revendication 1, caracteVise* 
en ce que les granules de I'explosif secondaire 
possedent une taille moyenne pondeVale de 
particules comprise entre 100 et 500 urn. 

10. Element selon la revendication 1, caracteVise* 
en ce que I'explosif secondaire modifie est 
situe" dans une zone voisine de la premiere 
extremite de I'element et qu'une charge de 
I'explosif secondaire moins ou non modifie' est 
disposee entre la zone voisine de la premiere 
extremite et la seconde extrgmitS. 

11. Element selon la revendication 10, caracteVise" 
en ce que la zone contenant un explosif se- 
condaire moins ou non modifie contient un 
materiau granuleux broye. 

12. Element selon la revendication 10, caracteVise 
en ce que la zone contenant I'explosif secon- 
daire moins ou non modifie contient un mate- 
riau cristallin. 

13. Element selon la revendication 1, caracterise 
par une division de reiement en une charge 
amorce adjacente a la premiere extremite et 
une charge intermediate situ^e entre la charge 
amorce et la seconde extremite, les charges 
eVant $6par£es par une reduction 6chelonn6e 
de la densite de tassement depuis la charge 
amorce jusqu'a la charge intermediate. 



14. Element selon la revendication 13, caracteVise* 
en ce que la charge amorce contient un explo- 
sif secondaire modifie* adjacent a la premiere 
extremite et un materiau cristellin adjacent a la 

5 charge intermediate. 

15. Element selon la revendication 14, caracteVise* 
par un rapport ponderal de I'explosif secondai- 
re modifie* au mateViau cristallin compris entre 

10 1 : 5 et 5 : 1. 

16. Element selon la revendication 13, caracterise 
par un gradient de densite de tassement dans 
la charge amorce, qui augmente depuis la 

is premiere extremite en direction de la seconde 

extremite. 

17. Element selon la revendication 13, caracteVise* 
par une densite moyenne de tassement pour 

20 la charge amorce comprise entre 50 et 90% 

de la densite* du cristal pour I'explosif utilise. 

18. Element selon la revendication 13, caracteVise" 
en ce que la charge intermediate contient un 

25 materiau cristallin. 

19. Element selon la revendication 13, caracterise 
par un gradient de la densite de tassement 
dans la charge intermediate, qui augmente de 

30 la premiere extremite* en direction de la secon- 

de extremite. 

20. Element selon la revendication 13, caracteVise* 
par une densite de tassement moyenne pour 

35 la charge intermediate comprise entre 30 et 

80% de la densite du cristal pour I'explosif 
utilise. 

21. Element selon la revendication 13, caracterise 
40 en ce qu'une paroi est disposee au niveau de 

la limite entre la charge amorce et la charge 
intermediaire. 

22. Element selon la revendication 21, caracterise 
45 en ce que la paroi est une coupelle ou un 

disque separe du logement, mais adherant a 
ce dernier. 

23. Element selon I'une quelconque des revendi- 
50 cations pr6c£dentes, caracterise en ce qu'il 

contient un explosif secondaire forme de 
PETN ou RDX ou les deux. 

24. Element selon I'une quelconque des revendi- 
55 cations 1 a 23. dans le cas ou il est utilise 

dans un detonateur en forme de tube creux 
pourvu d'un explosif non primaire et contenant 
une charge de base d'un explosif secondaire 
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adjacente a la seconde extremite de j'eiement, 
et des moyens d'allumage, et des composi- 
tions pyrotechniques facuttatives a retard et 
conduction de la flamme, adjacentes a la pre- 
miere extremite de reiement. 

25. Element formant amorce d'un explosif du type 
non primaire comprenant un logement conte- 
nant un explosif secondare, poss£dant une 
premiere extremite apte a allumer I'explosif 
secondaire grace a des moyens d'allumage, 
facultativement au moyen de compositions py- 
rotechniques a retard et conduction de flam- 
me, une seconde extremite adaptie pour deMi- 
vrer une impulsion de detonation, et une partie 
intermediate, dans laquelle lors de I'allumage, 
I'explosif secondaire est susceptible d'etre le 
siege d'une transition d'une deflagration a une 
detonation, caracterise en ce qu'au moins I'ex- 



32. Element selon la revendication 30, caracterise 
en ce que le materiau a I'etat de granules 
contient un liant pour les cristaux de I'explosif 
secondaire en une quantite comprise entre 0,1 

5 et 1 0% en poids du materiau a I'etat de ganu- 

les. 

33. Element selon la revendication 30, caracterise 
en ce que les granules de I'explosif secondaire 

io possedent une taille moyenne ponderale de 

particules comprise entre 100 et 2000 um. 

34. Element selon la revendication 25, caracterise" 
en ce que I'explosif secondaire modifie est 

75 situe dans une zone voisine de la premiere 

extremite* de l'e* lament et d'une charge d'ex- 
plosif secondaire moins ou non modifie est 
disposed entre la zone adjacente et la premie- 
re extremite et la seconde extremite. 

35. Element selon la revendication 34, caracterise 
en ce que la zone contenant un explosif se- 
condaire moins ou non modife* contient un 
materiau granuleux broye\ 

36. Element selon la revendication 34, caracterise 
en ce que la zone contenant I'explosif secon- 
daire moins ou non modifie contient un mate- 
riau cristallin. 

37. Element selon la revendication 25, caracteVise" 
par une division de reiement en une charge 
amorce adjacente a la premiere extremite et 
une charge intermediate situee entre la charge 
amoree et la seconde extremite, les charges 
etant separees par une reduction echelonn^e 
de la densite de tassement depuis la charge 
amorce jusq'a la charge intermediaire. 

38. Element selon la revendication 37 caracterise 
en ce que la charge amorce contient un explo- 
sif secondaire modifie adjacent a la premiere 
extremite et un materiau cristallin adjacent a la 
charge intermediaire. 

39. Element selon la revendication 38, caracterise* 
par un rapport ponderal de I'explosif secondai- 
re modifie au materiau cristallin compris entre 
1:5 et 5:1. 

40. Element selon la revendication 37, caracterise 
par un gradient de densite de tassement dans 
la charge amorce, qui augmente depuis la 
premiere extremite en direction de la seconde 
extremite. 

41. Element selon la revendication 37, caracterise 
par une densite moyenne de tassement pour 



plosif secondaire situe a la premiere extremite 20 
de ('element est modifie par ('addition d'un 
catalyseur de reaction, ce qui conduit a des 
vitesses accrues de reaction aux basses pres- 
sions. 

25 

26. Element selon la revendication 25, caracterise 
en ce que la quantite de catalyseur est compri- 
se entre 0,1 et 10 pour-cent en poids du 
melange. 

30 

27. Element selon la revendication 25, caracterise 
en ce que le catalyseur est une poudre formee 
de grains fins. 

2a Element selon la revendication 25, caracterise 35 
en ce que la catalyseur est incorpore dans un 
explosif secondaire sous forme de granules 

29. Element selon la revendication 25, caracterise 
en ce qu'on utilise comme catalyseur du car- 40 
bone, des cryolites ou des composes de me- 
taux tels que ('aluminium, le manganese, le fer, 
le cobalt, le nickel, le mercure, I'argent, le zinc 
ou, notamment. , le plomb, le chrome et le 
cuivre. 45 

30. Element selon la revendication 25, caracterise 
en ce que I'explosif secondaire est modifie en 
un materiau forme de cristaux d'explosif se- 
condaire sous forme de granules. 50 

31. Element selon la revendication 30, caracterise 
en ce que les cristaux de I'explosif secondaire 
forme du materiau a I'etat de granules posse- 
dent une taille moyenne ponderale de parti- 55 
cules comprise entre 0,1 et 100 urn. 
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!a charge amorce comprise entre 50 et 90% 
de la density du cristal pour I'explosif utilise. 

42. Element selon la revendication 37, caracterise 

en ce que la charge intermediate contient un 5 
materiau cristallin. 

43. Element selon la revendication 37, caracterise 
par un gradient de la density de tassement 
dans la charge intermediate, qui augmente de io 
la premiere extremite en direction de la secon- 

de extremite. 

44. Element selon la revendication 37, caracterise 

par une densite de tassement moyenne pour is 
la charge intermediate comprise entre 30 et 
80% de la densite du cristal pour I'explosif 
utilise. 

45. Element selon la revendication 37, caracterise 20 
en ce qu'une paroi est disposes au niveau de 

la limite entre la charge amorce et la charge 
intermediate. 

46. Element selon la revendication 45, caracterise 25 
en ce que la paroi est une coupelle ou un 
disque separe du logement, mais adherant a 

ce dernier. 

47. Element selon Tune quelconque des revdendi- 30 
cations precedents, caracterise en ce qu'il 
contient un explosif secondaire forme de 
PETN ou RDX ou les deux. 

48. Element selon I'une quelconque des revendi- 35 
cations 25 a 47, dans le cas ou il est utilise 
dans un detonateur en forme de tube creux 
pourvu d'un explosif non primaire et contenant 

une charge de base d'un explosif secondaire 
adjacente a la seconde extremite de reiement 40 
et des moyens d'allumage, et des composi- 
tions pyrotechniques facultatives a retard et 
conduction de la flamme, adjacentes a la pre- 
miere extremite de reiement. 
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